Human erythrocyte glutathione reductase: chemical mechanism and structure of the transition state for hydride transfer.
Kinetic parameters and primary deuterium kinetic isotope effects for NADH and five pyridine nucleotide substrates have been determined at pH 8.1 for human erythrocyte glutathione reductase. DV/KNADH and DV are equal to 1.4 and are pH independent below pH 8.1, but DV decreases to 1.0 at high pH as a group exhibiting a pK of 8.6 is deprotonated. This result suggests that as His-467' is deprotonated, the rate of the isotopically insensitive oxidative half-reaction is specifically decreased and becomes rate-limiting. For all substrates, equivalent V and V/K primary deuterium kinetic isotope effects are observed at pH values below 8.1. The primary deuterium kinetic isotope effect on V, but not V/K, is sensitive to solvent isotopic composition. The primary tritium kinetic isotope effects agree well with the corresponding value calculated from the primary deuterium kinetic isotope effects by using the Swain-Schaad relationship. This suggests that the primary deuterium kinetic isotope effects observed in these steady-state experiments are the intrinsic primary deuterium kinetic isotope effects for hydride transfer. The magnitude of the primary deuterium kinetic isotope effect is dependent on the redox potential of the pyridine nucleotide substrate used, varying from approximately 1.4 for NADH and -320 mV reductants to 2.7 for thioNADH to 4.2-4.8 for 3-acetylpyridine adenine dinucleotide (3APADH). The alpha-secondary tritium kinetic isotope effects also increase as the redox potential of the pyridine nucleotide substrate becomes more positive. Together, these data indicate that the transition state for hydride transfer is very early for NADH and becomes later for thioNADH and 3APADH, as predicted by Hammond's postulate.(ABSTRACT TRUNCATED AT 250 WORDS)